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[57] ABSTRACT 

An optical filter, which has a predetermined transmittance 
and a low reflectance at a wavelength X of, for example, 780 
nm, comprises a metal film and a dielectric thin-film depos- 
ited adjacent to the metal film, the dielectric thin-film having 
a refractive index lower than that of the metal film and a 
thickness of X/40 or less. Also disclosed is an optical filter, 
comprising a substrate, a plurality of sets of dielectric 
thin-films (H) with a high refractive index and dielectric 
thin -films (L) with a low refractive index, and a metal layer. 
The dielectric thin-films (H) and the dielectric thin-films (L) 
are alternately deposited on the substrate and the metal film 
is provided between one dielectric thin-film (H) and the 
adjacent dielectric thin-film(L). The dielectric thin-film (L) 
adjacent to the metal film has a thickness X/40 or less. 

2 Claims, 6 Drawing Sheets 
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OPTICAL FILTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an optical filter which 
absorbs a part of optical signals passing through an optical 
path and restricts the intensity of transmitted light, and more 
particularly relates to a configuration of a multilayered 
optical filter for decreasing a reflectance. 

2. Description of the Related Art 

Generally, an optimization of a configuration of a multi- 
layer film composing an optical filter can restrict the inten- 
sity of transmitted light by absorbing a part of optical signals 
and thus an optical filter having a predetermined transmit- 
tance is obtainable. FIG. 4A shows a configuration of a 
conventional multilayered optical filter, and FIG. 4B shows 
a thickness and a refractive index of each layer in the 
configuration shown in FIG. 4A. The optical filter includes 
Ti0 2 layers having a relatively high refractive index (n-2.5) 
and Si0 2 layers having a relatively low refractive index 
(n-1.45), in a thickness of X/5 to X/10, alternately deposited 
several times between a substrate la and a substrate lb> and 
also includes a metal film 2 having a lower refractive index 
(n-0.95) and a thickness of several to several ten nanometers 
deposited between two adjacent Si0 2 layers, for the purpose 
of achieving a transmittance of 30% to 40% for light of 
X=780 nm passing through a typical optical path. 

FIG. 5 shows a reflectance R of the optical filter shown in 
FIG. 4Aat a wavelength X and FIG. 6 shows a transmittance 
T against the same. As shown in FIG. 5, although the 
reflectance R reaches a minimum of approximately 15% 
when the wavelength X is nearly equal to 730 nm, it 
increases at a given wavelength X of 780 nm. Also, as shown 
in FIG. 6, although the transmittance reaches a maximum of 
approximately 35% when a wavelength X is nearly equal to 
720 nm, it slightly decreases at a given wavelength X of 780 
nm. 

In such an optical filter, when the reflectance increases, 
the reflected light adversely affects signal light. As men- 
tioned above, the conventional optical filter has a minimum 
reflectance R of approximately 15% and cannot achieve a 
low reflectance, for example, 3% or less. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide an optical filter 
having a predetermined transmittance and a low reflectance 
at, for example, a wavelength X of 780 nm. 

An optical filter, in accordance with this invention, which 
absorbs a part of optical signals with a wavelength X and 
restricts the intensity of the transmitted light, comprises a 
metal film and a dielectric thin-film deposited adjacent to the 
metal film, the dielectric thin-film having a refractive index 
lower than that of the metal film and a thickness of X/40 or 
less. 

Also provided in accordance with the present invention is 
an optical filter, which absorbs a part of optical signals with 
a wavelength X and restricts the intensity of transmitted 
light, comprising a substrate, plural sets of dielectric thin- 
films (H) with a high refractive index and dielectric thin- 
films (L) with a low refractive index, and a metal layer. The 
dielectric thin -film (H) and the dielectric thin-film (L) are 
alternately deposited on the substrate, and the metal film is 
provided between one dielectric thin-film (H) and the adja- 
cent dielectric thin-film (L). The dielectric thin -film (L) 
adjacent to the metal film has a thickness X/40 or less. The 
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dielectric thin-film (H) comprises Ti0 2 , the dielectric thin- 
film (L) comprises Si0 2 , and the metal film comprises Al. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 FIG. 1A shows a multilayered configuration of an optical 
filter. 

FIG. IB shows a thickness and a refractive index of each 
layer of the optical filter shown in FIG. 1A as an embodi- 
Q ment of this invention. 

FIG. 2 is a graph which shows transmittance character- 
istics of the optical filter shown in FIG. 1A. 

FIG. 3 is a graph which shows reflectance characteristics 
of the optical filter shown in FIG. 1A. 
15 FIG. 4 A shows a configuration of a conventional multi- 
layered optical filter of the prior art; 

FIG. 4B shows a thickness and a refractive index of each 
layer in the configuration show in FIG. 4A; 

FIG. 5 is a graph which shows reflectance characteristics 
of the optical filter shown in FIG. 4A. 

FIG. 6 is a graph which shows transmittance character- 
istics of the optical filter shown in FIG. 4A. 

DESCRIPTION OF THE PREFERRED 
25 EMBODIMENTS 

In the present invention, with regard to a metal film and 
a relationship between the thickness and the reflectance of a 
dielectric thin-film deposited onto the metal film, the trans- 

30 mittance and reflectance were measured while changing the 
thickness of the dielectric thin -film adjacent to the metal 
film. It has been found that the transmittance has little 
change and the reflectance decreases as the dielectric thin- 
film becomes thinner. As a result of this measurement, in the 

35 present invention, a dielectric thin-film, which has a thick- 
ness of X/40 or less and a refractive index lower than that of 
the metal film, is deposited adjacent to the metal film. 

An optical filter, in accordance with this invention, which 
absorbs a part of optical signals with a wavelength X and 

40 restricts the intensity of the transmitted light, comprises a 
metal film and a dielectric thin-film deposited adjacent to the 
metal film, the dielectric thin-film having a refractive index 
lower than that of the metal film and a thickness of X/40 or 
less. 

45 The optical filter having such a configuration enables a 
predetermined transmittance at a wavelength X, for example, 
780 nm, and at the same time enables a low reflectance, for 
example, 3% or less, which has not been achieved by any 
conventional configuration. 

For example, Al may be used as the metal film and Si0 2 
may be used as the dielectric thin-film. 

Referring to the drawings, as an embodiment of the 
present invention, FIG. 1A shows a multilayered configu- 

55 ration of an optical filter and FIG. IB shows a thickness and 
a refractive index of each layer of the optical filter shown in 
FIG. 1A A substrate 1 is composed of a glass having a 
refractive index (n-1.5) and a substrate 2 is composed of a 
glass having a refractive index (n-1.0). On the substrate 1, 

60 first to fifth Ti0 2 layers with a relatively high refractive 
index (n-2.5), first to fifth Si0 2 layers with a relatively low 
refractive index (n-1.45) and an Al layer 3 with a higher 
refractive index (n-2.8) are deposited in the following order, 
by a sputtering process or the like, and the glass substrate 2 

6S is deposited on the fifth Ti0 2 layer. 
First Ti0 2 layer: t«75 nm 
First Si0 2 layer: t-25 nm 
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Second Ti0 2 layer: t«several nanometers 
Second Si0 2 layer: t-70 nm 
Third Ti0 2 layer: t«50 nm 
Al layer 3: t«20 nm 

Third Si0 2 layer 4: t-less than X/40 am 5 
Fourth Ti0 2 layer: t»75 nm 
Fourth Si0 2 layer: t-100 nm 
Fifth Ti0 2 layer: t-50 nm 

That is, a plurality of dielectric thin-films (H) with a high jo 
refractive index and dielectric thin -films (L) with a low 
refractive index, are alternately provided between the 
substrates, and a metal film, having a larger refractive index 
than that of the dielectric thin-film (L), is provided between 
one dielectric thin -film (H) and the adjacent dielectric thin- i$ 
film (L) which corresponds to the third Si0 2 layer 4. 

In the optical filter having the above-mentioned 
configuration, the transmittance T is observed while chang- 
ing a wavelength X. Referring to FIG. 2, as a wavelength X 
is increased within a range of the range of 760 nm^X^820 2 o 
nm, the transmittance T gradually decreases from 37% to 
34%, and a transmittance of 35% can be achieved at a 
wavelength X of 780 nm. 

Referring to FIG. 3, five optical filters having third Si0 2 
layers 4 with the following thicknesses t are formed: 2 5 

r = A/40 a 20 nm 
= A/50 a 15 nm 
= A/80 * 10 nm 

= A/100*7nm 30 
= A/200 * 4 nm 

and the graph shows a reflectance R at a wavelength X for 
each optical filter. 35 

As shown in FIG. 3, a reflectance R of the filter with t=20 
nm (=X/40) has a minimum of approximately 1.8% at X«800 
nm, and a reflectance R of approximately 2.4% can be 
achieved at a given X=780 nm. As the thickness of the third 
Si0 2 layer 4 decreases, the reflectance R decreases and k for 
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the minimum reflectance decreases. In the optical filter with 
t=4 nm (-X/200), the reflectance R has a minimum of 0% at 
a given X»780 nm. 

It is presumed that the above results are obtained because 
a Si0 2 layer 4 with a low refractive index (n-1.45) is 
deposited adjacent to an Al layer 3, in which the Si0 2 layer 
4 is thinner than the Al layer 3. Also, when the given X has 
a different value, a predetermined transmittance and a low 
reflectance may be achieved by depositing a dielectric 
thin-film, such as a Si0 2 layer 4, having a thickness t less 
than X/40, being thinner than a metal film and having a low 
refractive index n, adjacent to a metal film, such as an AL 
layer 3, having a high refractive index n. Further, an air layer 
with a refractive index (n«1.0) may be provided in place of 
the substrate 2. 

As described above, in accordance with this invention, a 
predetermined transmittance and a low reflectance can be 
achieved by depositing a dielectric thin-film adjacent to a 
metal film, the dielectric thin-film having a thickness of X/40 
or less, which is smaller than that of the metal film, and a 
refractive index lower than that of the metal film. 

What is claimed is: 

1. An optica] filter for absorbing a part of optical signals 
with a wavelength X and restricting the intensity of the 
transmitted fight, comprising: a substrate, a plurality of sets 
of high index layers with a high refractive index and low 
index layers with a low refractive index, and a metal layer, 
said high index layers and said low index layers being 
alternately deposited on said substrate, said metal layer 
being provided between one high index layer and the 
adjacent low index layer among said plurality of sets of high 
index layers and low index layers, said low index layer 
adjacent to said metal layer having a thickness no greater 
than X/40. 

2. An optical filter according to claim 1, wherein said high 
index layers comprise Ti0 2 , said low index layers comprise 
Si0 2 , and said metal layers comprise Al. 

* * * * * 
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